Introduction {#Sec1}
============

Self-monitoring of blood glucose (SMBG) is used to improve safety, through early detection of hypoglycemia, and efficacy of insulin use \[[@CR1]--[@CR3]\]. SMBG is mostly studied in patients who have worsening glycemic control and unnecessary intense SMBG in patients with a stable glycemic control could negatively affect quality of life \[[@CR3]--[@CR5]\].

There are no studies comparing effects of different SMBG frequencies on both glycemic control and quality of life in patients with T2DM treated with one insulin injection daily or a stable glycemic control. In the Netherlands, 4-point (before meals and before bedtime) SMBG is advices once every 1--2 weeks in patients on insulin, although there are relevant differences in advices given by individual healthcare providers \[[@CR6]\]. The largest between health-care provider differences in SMBG frequency recommendations concern those using basal insulin \[[@CR6]--[@CR9]\].

The aim of the study was to investigate effects of three different frequencies of 4-point SMBG on glycemic control and quality of life in patients with T2DM with stable glycemic control using one long-acting insulin injection daily. The study design aimed reflect the real life primary care setting in which SMBG is applied in the Netherlands.

Main text {#Sec2}
=========

Methods {#Sec3}
-------

### Design {#Sec4}

A multi-centre, open label, randomized, parallel group design. Three different (1:1:1) frequencies of 4-point SMBG (before meals and bedtime) were compared during a 9-month intervention period. The study was carried out between March 2011 and October 2012. The study and the informed consent procedure were approved by the local medical ethics committee of the Isala Hospital, Zwolle, The Netherlands. All patients gave written informed consent.

### Study sample {#Sec5}

From 341 general practitioners (GPs) invited, 68 GP's agreed to participate and between 1--3 patients of 38 different GPs were included. Eligibility criteria were; adult patients, T2DM, using one long-acting insulin injection daily, performing SMBG for at least 1 year, with stable glycemic control defined as a HbA1c ≤ 58 mmol/mol the preceding 12 months and with sufficient knowledge of the Dutch language. Exclusion criteria were hypoglycemia-unawareness and serious co-morbidity evaluated by the treating GPs.

### Study groups and procedure {#Sec6}

Patients were randomly assigned to one of the three groups at the first study visit with block randomization, using blocks of 17 and 16, with sealed non-transparent envelopes, containing letters A, B or C. Patients were instructed to perform a 4-point SMBG; before meals and bedtime. Group A, B and C performed 4-point SMBG every week, every 2 weeks and every month, respectively.

Using validated blood glucose monitors \[[@CR8]\] patients were instructed to record in their study diary, all additional SMBG measurements and the reason for taking extra measurements. Extra glucose measurements in patients with worsening glycemic control were allowed, patients and health care providers were advised to return to the allocated SMBG frequency as soon as was possible.

End-points were collected during routine visits and all patients received usual care offered by their healthcare providers. In the Netherlands routine visits, including HbA1c, take place every 3 months. No financial compensation was provided.

### Outcome measures {#Sec7}

The primary end-point was the between group difference in HbA1c (mmol/mol). A difference of 5.5 mmol/mol (\> 0.5%) was regarded as clinically relevant \[[@CR10], [@CR11]\]. Secondary endpoints were health-related quality of life and diabetes self-care. Other endpoints were the number of recorded hypo- and hyperglycemic events and the fasting blood glucose concentrations.

### Measurements {#Sec8}

Data collected at baseline included: diabetes duration, duration of SMBG, medication, blood pressure, length, weight, smoking status, alcohol status and micro- and macrovascular complications (yes or no). Data on additional diabetes-related contacts with the healthcare provider and changes in diabetes medication were recorded in the study diaries.

At baseline and 9 months, three validated questionnaires were completed. The 12-item Short Form Health Survey (SF-12) \[[@CR12], [@CR13]\], the Problem Areas in Diabetes (PAID) \[[@CR14]\]. Higher scores indicate higher emotional distress. The Summary of Diabetes Self Care Activities (SDSCA) \[[@CR15]\], see Additional file [1](#MOESM1){ref-type="media"} for more information on the questionnaires.

### Sample size calculation {#Sec9}

This was calculated using software PASS-2008. To detect a relevant difference in HbA1c of 5.5 mmol/mol (0.5%) \[[@CR10], [@CR11]\], a SD of 6.8 mmol/L, with a power of 90%, an alpha of 0.05/3, 2-tailed, the sample size of the study was 129, with 43 patients in each group. The SD was derived from the prospective ZODIAC cohort \[[@CR16]\], no randomized trials with a comparable research question were available.

### Statistical analysis {#Sec10}

Data entry was performed in duplicate and statistical analyses were carried out by a statistician blinded for treatment allocation. Study end-points were analyzed using a mixed model. Fixed factors were study arm and total number of SGBM; patients were random factors and baseline HbA1c was a covariate. The fasting blood glucose concentrations were used to investigate if there were differences between the blood glucose concentrations, with baseline fasting blood glucose concentrations as covariates. Bonferroni correction was used to adjust for multiple testing. The response variables smoking and alcohol use were coded into binary variables and analyzed using Generalized Linear Models (GLM), with a binary distribution and logit link function.

Analyses were performed according to the intention-to-treat principle. A predefined per-protocol analysis was performed for the primary end-point only in patients who were compliant with SMBG frequency (who performed 80% or more of the required glucose measurement). p values were tested two-tailed.

Results {#Sec11}
-------

### Patients {#Sec12}

Sixty-six patients were randomized, 8 withdrew consent shortly after randomization before completion of baseline measurements and 58 patients participated. Six patients were lost for follow-up and 52 were randomised. See Fig. [1](#Fig1){ref-type="fig"} that shows the flow of patients throughout the trial.Fig. 1Flow diagram. Number of participants in stages of the trial

The study stopped prematurely due to the slow anticipated inclusion rate during the study period. Reasons provided for the slow recruitment rate were primarily difficulty of finding patients with a stable glycemic control who mostly were used to specific SMBG frequency for a long time, who wanted to change SMBG frequency for the duration of the study. Other arguments were lack of time, participation in other trials and lack of financial compensation by care providers.

The baseline characteristics are presented in Table [1](#Tab1){ref-type="table"}. A total of 65% of the patients group A, 63% of the patients in group B and 59% of the patients in group C performed at least 80% of the requested glucose measurements. All patients reported to be compliant with their insulin injection. See Additional file [1](#MOESM1){ref-type="media"} on changes in insulin dose.Table 1Baseline characteristicsA: SMBG 1 day weekly\
(n = 22)B: SMBG 1 day every 2 weeks\
(n = 16)C: SMBG 1 day monthly\
(n = 20)Gender (male)13 (59)8 (50)12 (60)Age (years)67 ± 1269 ± 965 ± 9Diabetes duration (year)11 (6, 15)8 (6, 13)13 (7, 17)Duration SMBG (year)4 (2, 7)4 (3, 7)5 (4, 6)HbA1c (mmol/mol)51 ± 4.752 ± 4.651 ± 5.6Fasting blood glucose (mmol/L)6.7 (6.0, 7.2)5.9 (4.8, 6.4)6.5 (5.4, 8.2)Dose of insulin (units)22 (16)30 (22)20 (15)Metformin21 (95%)14 (88%)16 (80%)Tolbutamide4 (18%)4 (25%)7 (35%)Gliclazide5 (23%)4 (25%)3 (15%)Glimepiride3 (14%)2 (13%)3 (15%)Body mass index (kg/m^2^)30 ± 4.130 ± 2.830 ± 3.6Systolic blood pressure (mmHg)141 ± 14134 ± 11133 ± 16Cholesterol/HDL ratio3.30 (2.9, 4.0)3.60 (3.3, 4.3)3.40 (2.8, 4.4)Macrovascular complication (yes)5 (23)6 (38)5 (25)Serum creatinine (μmol/L)71 (63)73 (60, 97)76 (63, 82)Albumin creatinine ratio1.0 (0.3, 2.0)1.6 (0.99, 4.8)0.8 (0.5, 2.3)Retinopathy (yes)0 (0)1 (6)3 (15)Dose of insulin (units)22 (16, 29)30 (22, 36)20 (15, 39)Smoking (yes)4 (18)2 (13)3 (15)Alcohol use (yes)12 (55)6 (38)10 (50)Data are mean ± SD, n (% of known data) or median (P25, P75)

Table [2](#Tab2){ref-type="table"} shows HbA1c levels at different time points and the estimated changes from baseline to 9 months. There were no significant changes within and between groups. Subgroup of patients who were compliant with the allocated SMBG frequency and analysis in fasting capillary glucose concentrations, see Additional file [1](#MOESM1){ref-type="media"}.Table 2HbA1c levels (mmol/mol) at different time points and estimated changes between and within groupsSMBG frequencyBaseline3 months6 months9 monthsEstimated changes within groups^a^Weekly (A)51.1 ± 4.752.1 ± 5.452.2 ± 5.054.4 ± 6.83.32 (− 1.38, 8.01)Every 2 weeks (B)51.6 ± 4.651.3 ± 7.850.2 ± 5.853.1 ± 5.81.50 (− 4.01, 7.01)Monthly (C)51.2 ± 5.651.1 ± 5.650.2 ± 9.051.8 ± 6.60.60 (− 4.33, 5.53)Time (months)Groups^b^B minus AC minus AC minus B3− 0.62 (− 4.83, 3.59)− 1.16 (− 5.10, 2.79)− 0.53 (− 4.83, 3.77)6− 2.40 (− 7.31, 2.51)− 2.51 (− 7.12, 2.10)− 0.11 (− 5.02, 4.80)9− 1.72 (− 5.60, 2.17)− 2.70 (− 6.35, 0.95)− 0.98 (− 4.94, 2.98)Data are mean ± SD, estimated changes (95% CI, Bonferroni corrected). All p values \> 0.05^a^From baseline to 9 months^b^Estimated changes between groups adjusted for baseline differences

The changes in the outcome of the SF-12, PAID and SDSCA are presented in Additional file [1](#MOESM1){ref-type="media"}. There were significant changes between the groups in only two dimensions of the SF-12, the subscale role limitation (emotional problems) and vitality. In improvement in vitality was most pronounced the lowest SMBG frequency.

### Safety {#Sec13}

Eight patients reported at least one mild hypoglycemic event and consequently performed extra SMBG measurements; 2 patients in group A, 3 in group B and 3 in group C. No glucose values below three were reported. No symptoms of hypoglycemia were reported.

Discussion {#Sec14}
----------

Three intensities of performing 4-point SMBG; weekly, every 2 weeks, every month, were compared in patients with T2DM, who used one long-acting insulin injection daily and had a stable glycemic control for at least 12 months. There were no significant differences in glycemic control, quality of life, diabetes self care activities, fasting blood glucose or hypoglycemia events.

This is the first study that evaluated effects of 3 different SMBG frequencies on glycemic control and quality of life in patients with T2DM with stable control. SMBG is used for monitoring occurrence of possible hypoglycemia and improving glycemic controls \[[@CR17]\]. Several studies indicated that SMBG potentially also has an impact on quality of life \[[@CR3]\]. Whether more intensive SMBG negatively affects quality of life in patients with a stable glycemic control is unknown. The evidence for efficacy of SMBG is somewhat conflicting concerning HbA1c \[[@CR2], [@CR18]--[@CR20]\]. Some reported no significant relationships between SMBG and HbA1c \[[@CR21], [@CR22]\]. While in other studies, results indicated that SMBG resulted in improvements in HbA1c in the order of 3.5--7.0 mmol/mol. Most previous studies were either not randomized, included patients with unstable glycemic control or patients using more intensive insulin regimens \[[@CR2], [@CR18]--[@CR20]\].

Although this is the first study to investigate both SMBG frequency and QoL, it was unfortunate that there was a lower then anticipated inclusion rate. There were a variety of reasons for the slow recruitment rate. The most important reason reported by GPs was that those with a stable glycemic control were used to specific SMBG frequencies and did not want to change SMBG frequency for the duration of the study.

Conclusion {#Sec15}
----------

This is the first study investigating effects of SMBG in stable patients, in this study there were no significant between-group differences in glycemic control or quality between 3 frequencies of 4-point SMBG in patients with T2DM with stable glycemic control using one insulin injection. The study was limited by a slower then anticipated inclusion rate. It was difficult to recruit patients with a stable glycemic control. Nevertheless, it could be very interesting to repeat this study, with extra focus on recruitment rate and for example financial compensation for patients, to establish whether the currently advised intensive SMBG in this patient group is warranted.

Limitations {#Sec16}
===========

The major limitation of this study was the inability to recruit the pre-planned 150 patients. We were able to include 58 patients in the predefined time frame.

Another limitation was that in the absence of results from randomized trials, the assumptions for the sample size calculation were derived from patients included in the prospective ZODIAC cohort study \[[@CR16]\]. Retrospectively, it could have been that the assumptions on which the power calculation was based were inaccurate. Patients who contributed to the sample size calculation, retrospectively, differed substantially from patients included in this study; for example the average was HbA1c of 64 mmol/mL (SD 6.8 mmol/mol). Although the upper bounds of the confidence intervals which were within the pre-specified relevancy margin of 5.5 mmol/mol (0.5%) gives some indication on the change of a type 2 error. This confidence interval could indicate that either no relevant differences were to be expected or it could indicate the presence of a type 2 error. The assumptions for the power calculation were, in the absence of comparable randomized trials, based on prospective observational cohort data and in retrospect, could even have been too conservative.

Other limitations were the relatively wide confidence intervals of the results from the analysis of the subscales of the SF-12 and the SDSCA, which could point to a lack of power. Although the results were bonferroni corrected, the significant difference in the SF-12 subscale vitality could still be the results of multiple testing. Furthermore, we did not collect information on SMBG habits prior to randomization nor checked whether medication use collected from patient dairies corresponded to actual medication compliance. Compliance was checked by self-reports using study diaries not on glucose readings from patients glucose monitors. The cut-off for hypoglycemia a priori was set at 3.5 mmol/L, we acknowledge that there is debate on the optimal cut-off value, therefore we added post hoc results for the cut-off value for hypoglycemia of 3.0 mmol/L \[[@CR23]\]. We also acknowledge that the recommended SMBG frequencies vary substantially between health care providers and between countries \[[@CR6], [@CR24]\]. In nine patients the insulin dose was changed which effected the between group differences.

A strength was the real life setting were for example extra glucose measurements and dose changes of insulin in patients with worsening glycemic control were allowed. Other strengths were; the use of different frequencies of SMBG, based on recommendations made in the Dutch guideline currently used in daily practice \[[@CR6]\].

Additional file {#Sec17}
===============

[**Additional file 1.**](https://doi.org/10.1186/s13104-018-3138-7) Questionnaire outcomes, additional methodology and results. A. Changes in questionnaires outcome, the SF-12, PAID and SDSCA, after 9 months. B. Methodology Questionnaires & Handling of changes in insulin dose. C. Additional results. Data are mean differences within and between groups (95% CI) (Bonferroni corrected) Range: scores per subscale. \* Significant differences. ^±^ Higher PAID scores indicate more diabetes-related emotional distress. Subgroup analyses of patients who were compliant with the allocated SMBG frequency. The mean between group differences in fasting capillary glucose concentrations.
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